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Preface 


This bibliography wan prepared aa part of an ongoing effort 
In the Infrastructure Planning and Management Program at 
Stanford, which la directed toward the exploration of the 
utility of dynamic almulatlon technlquea in the forecaatlng, 
planning and evaluation of Infraatructure ayatema. The term 
"Inf raatructure" la uaed to denote the aet of llfe-aupport 
and public aervlce ayatema which la neceaaary for the devel- 
opment of growth of human aettlementa . 

While no claim ia made that thia bibliography ia comprehenaive 
and all-cncorapaaaing, it doea include some basic references 
in the field of dynamic simulation, as well as a number of 
relevant applications in the area of infrastructure planning. 
The intent is to enable the student or researcher to quickly 
identify such applications to the extent necessary for 
initiating further work in the field. Tlie relatively small 
number of applications is a reflection of the recent interest 
of planners In the transfer of dynamic systems techniques to 
their own field. It should be emphasized, however, that the 
utility and effectiveness of t>>ese teulM^ues in planning has 
by no me ms been established. This to be one of the 

major thrusts of the research effort aFstanford. 

The bibliography was prepared by both a manual search of the 
literature, and a computerized search of sources available 
through tl)e Stanford Libraries Computer Search Service. Some 
of th». annotations are those provided by the authors, while 
others have been specifically prepared for this bibliography. 
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THE SYSTEM 




1 . 1 ModalxlnK Approach 


Allen W, "On Accuracy, Precision, and The Real World: Some Thoughts 

on S^/stero Dynamics os a Policy Tool."' Report No. p-5540, Rand 
Cbrforation: Santa Monica, Collfornla. , 

' . J/ 

Tills paper Is a critique of the "World Model" 
designed by Forrester and Meadows. Forrester 
and Meadows’ view of what consitiites a valid 
and useful model, and what role quantification 
plays in the generation of an accurate model 
are examined. Conclusions are that a great 
deal of more scientific Inquiry is required 
before models of this kind can be considered 
reliable al^^;|p policy making. 

Barney, G.O. "System Dynamics, and the Analysis of Social Policy." 

Professional Paper No. 89, Center for Naval Analysis; Washington, 
D.C., 1972. 

There has been considerable debate as to the 
substance of System Dynamics and the applic- 
ability of this method to social policy analysis. 

This paper presents an evaliiatibn of System 
Dynamics and its relevance for policy analysis. 

DeGreene, K.B. "Technological Change and Manpower Resources: A Systems 

Perspective." Human Factors , Vol. 17, No. 1, 1975. 

The article synthesizes theories and findings 
from behavioral and social sciences within 
the framework of systems theory. The need 
for advances in theory and methodology 
are argued. The elements of systems theory 
■’ are sketched, and the value of the System 
Dynamics approach to modelling and computer 
simulatio! is emphasized. 

Kornbluh, M. , and Little, D, "The Nature of a Computer Simulation Model." 
Technological Forecasting and Social Change . Vol. 9, No. 1/2, 1976, 
pp. 3-26. 

\ An overview of compute: simulation and th'i 

systems approach. This paper discusses the 

key concepts, applications, shortcomings and 

characteristics of a number of mathcTnatical 

modeling and computer simulation techniques, 

including those of System Dynamics. U 
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Schroedet W.W. "System Dynamics: A Unique Tool for Afli^glng 

Data Deficient Social Systems." . ■raS.E.S. . Transaction ' ^ *' 

Sys terns , Man rmit Cyber no ties . VeX. ‘''Swc-2, No. 2, 1972. 

^ , Tiie paper argues that much of tlie limitations jj 
'W'' in the applicability of sysce»|jinalysls (;!■ 
techniques in social problems are related to ^ 
the lack of concrete data wifti wjtich to defint' 
and validate models. It is concluded that 
this barr;|j^r has been greatly reduced by 
the advent 'of System Dynamics. 


The Technique 


Burns, J.R. , and Malone, D.W. "Computational Techniques for tlie 

Analysis of System Dyn.-imlcs Models of Social Systems." Socio- 
Economic Planning Sciences . Vol . 8, 19,^4-| pp. 215-223. 

computational techniques of sensitivity 
analysis are extended to System Dynamics 
models , and are shown to enhance the under- 
s tending of model bekaylor, and to contribute 
to considerations o£^!^del validity. Optimi- 
sation analyses are shown to contribute to 
model utility and policy formulation. 


Cole, liVS.D., and Curnow, R.C. "Backcasting Uith The World Dynamics 
Models." Nature (Great Britain), Vol. 243, May, 1973. 



Tlie paper discusses whether a system dynamics 
model can meaningfully be rut. backwards in 


time . 


Mohapatra, P.K. "Some Generalized Results on Exponential Delays." 

Transaction of the International Association of Mathematics and 
Computers, Simulation (Belgium), Vol.^B, No. 4, 1976, pp. 217-221. 


Exponential delays are widely used in liter- 
ature on System Dynamics, due primarily to their 
simplicity of form and their adequacy to 
fit the usual degreee of knowledge about the 
actual system to be represented. An attempt 
is made in this paper to.farrive at certain ; 
useful results through' '^pllgenerali zed methods N 
for the analysis of transients of these delays 
generated by changes in their inflow rate. 
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Sallin, K. E. ’Simulating DlBCcetci Systems with System Dynamics 

Using Multiple Simulation Imtotvals . " Bulletin of the Operations 
Research SOfaiety of America , Vol. 23 ,, Suppleroeut 1, 1975, 

The paper shows liow some systems are best , 

modelled through slraulcnneous use of multiplS^:' 
simulation Intervals in the same mode],i and 
by relating these intervals to the "natural" 
accumulation intervals of the real systems. 

An application example is provided. 

Young, F.M. , atal. , "Parameter Identification and Dynamic Models of 
Socloecontimlc Phenomena." I.E.E.E. . Tfanr action on Systems . Man 
a nJ Cyb ef neti ca « Vol, SMC-2, No, k, 1972. o; 

A methodology is presented for developing 
socioeconomic models of tjie System Dynatnics 
. type. A means of Including socioeconomic 

experts into tlie modelling process is 
suggested, and it is emphasized that such 
models -Jlre not scientific models, but 
assemblages of expert opinion. An illustration^ 

;( ); is provided, using a model of the Lake 
Tahoe basin in Northern California. 



Model Testing and Validatlnt 



Peterson, D.W, (Vg tHj^s tical Tools for System Dynamics." In Ervik 
and, Rand ers (Ed.), 'file System Dynamics Method , Proceedings of 
tTie International Conference on System Dynamics, 1976, 



This paper describes practical, automatic 
tools to aid both the builder and the 
evaluator of a System Dynamics model*,; The 
tools relate the model to available data, 
and are based on full information and 
maximum ilj^elihood via optimal filtering. 

Tliey operate correctly in an environment | 
of noisy data, missiri)|_i»oints , unmeasured ^ 
e variables, and unknown Inputs. 

Peterson, D.W. "Hypothesis, Estimation and Validation of Dynamic Social 
Models." Ph.D. Tliesis, M.I.T., 1975. 

Tills thesis establishes a unified set of 
techniques for the estimation and valida- 
tion of nonlinear, dynamic, time-varying 

models, with special reference to models and ' ' 

data typical of the social sciences. 
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Simgtt# "T«ats for BullUitis CotiJL'iiJejtc« lit Syutstii Uynniid^* Koiela*” 

System DyiuinvLca Gtoup,i lUpott No»-iv2760, 1J77, 

l\rla pnp«i: i^onaiders the giinerui problum oJf 
vulldatio.® in Syatem Dynnmica modfcling^ and 
surveys the tests available for buildjUig 
aonfljilenca irt-$ystem DynaritLcs models » The 
■ ''' paper' coivtentratos more on what is known than 

on whafc is not known about validation, The 
breadth of testa presented nlsbi demonstrates 
{dll* variety of channels nvailable for building 
confidence iu System Dynaiid.cs models* 


,4 Extensions and Related Techniques 
l.-ft.! Optiiniga tion 

-■4 ' 

/ ,*'l 

Burns* 3;,R. * and Malone* D.W<i ’’Opciini Ration Techniques Applied To Hift 
Foi^rester Model of tiie tlotld,*' I»E» E..E. * Transaction on Systems* 

Man and Cybernetics . Vbl, RMG~/i, Ho* 2, March 1974, pp>i 164-171. 

Two methods for optimizing System Dynamics 
models are presented. Applicability of the 
models is demonstrated using the Forrester 
World Model as the vehicle. 

Lunddrstaedt, !!►, "Transportation Systems With Optimal Parameters." 

Problems in Control InformatloiV Ttieory , Vol. 5, No. 2, 1976, pp, 109-116, 

Optimization problems with ordinary differential 
equations and transportation equation^ 4 s 
%stem Eynamics are considered using the 
calculus of variations in the formulation 
of Hamilton, 'flie tlieoretical results are 
explained further in an example * 

o 

Tavalage, 1*,, "Control Theory Applied to System Dynamics Simulations." 

Proceedings of die 1973 Sutiuiier Computer Conference , 1973, pp. 849-851. 

Simulation models for social, economic, and 
ecological systems have been developed with 
increasing frequency in recent years. A 
significant portion of these models have 
a dynamic naturej they are primarily oriented 
toward the study of sys<;^ behavior as it 
changes with time, Tliefe are several special 
purpose simulation languages which accomodate 
such models including DYNAM0| FOllDYN, CSMP, 
and iflMlC. To this point, the DYN/\M0 icnguage 
',1 has found t!\e most application, and is there- 

fore the focal point of this paper. 
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yorecnsbinK and Crosa Imptat: 



(U) 



aiackimmii A.W, "Xlja Uae of dynamic Modelling for Conditional forecasts 
of Resource Alloentiott Polieies>" Technological Forecasting 
and Social ChanRe ^ yoX«, 6„ 137A, pp. 191-208. 

A System Oynmuics model is described wliicli 
was developed to simulate resource allocation 
t;;- policies in an industrial research < 1 , 080 ratory ij 

2l* ' anti was used to investigate the effects of v 

various levels of Interhal suiJpai^t in a 
' Selected area ol^~e3earch on tlie projected' 

amount of external government support 
ta b# received in futuria time pariods. Tlie 
model was validated by simulating a histoioLcal 
resource allocation policy and comparing 

computed results with actual government , 

support received during 1963 - 1972* The 
computed results agreed vJi. th historical 

data% The validated model was then used to 
Lf investigate different strategies for the 

allocation of internal discretionary research 
funds and to produce conditional forecasts 
of the extent of future external research 
support. 

blackman, A.W^ , "New'Venture Plaiinlngi Tlie Role of Techtiological 

Forecasting#" TechnoloRlcal Forecasting and Social Chaiipe , Vol* 5^ 
No. 1, 1973. 

A system for the analysis and planning 
of nex^^ venture, which provides a structure 
for the application of raathematltal 
procedures, was developed* Tlie system is 
based on a synthesis of various analytical 
techniques; Ccchnaloglcol forecasting; decision 
analysis;- and Systf/m Dynamics, 

Blackman, A.W. "Forecasting Through Dynamic t-fo deling."- Techno logical - 
Forecasting and Social Glinnge , Vol.i l, 1972. 

System Dynamics forecasting is used in tlie 
simulation of a representative industrial 
research laboratory to forecast the effect 
on future operations of matching an 
exploratory forecast of the laboratory's 
output to An exogenous goal schedule set 
by normative forecasts of future requirements * 

The laboratory operatirig policies which Were 

found to produce stable growth patterns in ' 

response to normative growth goals were 

different from those which would have been 

intuitively stated. 




Bloom, M.F. "Tlme-Deptindente Evunt CB^sa^Inipact ^alyslat Uc8ult» 

From * New Model. " TeehnoloKicat ForeeaBtl«R anti Social ChanRC, 
Vol. 10, 1977, p. 201, 

Tills time-dependant: event cross-impact model 
involves fftor stages. In the first stage a» 
undistributed world vlev/, ;jirlot to new Infocnut- 
tion being obtained, is jJtojee^d for a set 
events to occur with specified probability 
densltites over an indefinite time horizon. 

In the second stage, the estlimitor fills in 
the cells of a. cross-iimpact roatrix with quall- 
tativ® estima^ll^^pf , the strength and direction 
of the impacts!' Qualitative cxoss-impacts are . 
converted to a quantitative fora by the analyst 
conducting the exercise. In the third stage, 
it is assumed that new information becomes 
known to tlie estimator causing him to project 
anew the ("kime-dependent probabilities of the 
events in the sec. In the fourth and final 

stage, an event crosa-impacC 8imuj.Atlon model t. 

is constructed in System i^natales and rurt to 

produce new probability densities of the event 

3 »t 4 /Thes A densities take ivito account both 

the cros8“iiiipacts between events and the effect: 

of the newly obtained inforroatlon, Tli® 

possible results include both shifts of th^e 

most likely tljie of occurfunce and change^i in 

the cumulative probability of the events,. The 

chief usefulness of the model is that it provides 

X method of fereishortening tlve time required by 

decisiorw-makers to take iato aecoupt the effect 

of new information on the ptobability of events 

occuti^ing ovteP a time periods 

BlD0/i*'MfcF¥ *’l)eter»il?iisi!;ic Ji^end Cross*>Imnact FotecastiiVR,” Technological 
Forccdstinr, and iSocial .Change y Vol, 8., 'JIo»ljij 1975, 

This work i» pdrt of larger cffori; to develop 
a edraguter simulation model to forecast the 
behavior of the populatian-economy<!-welfare 
syateni of tnrael foir the 19?4~1980 period* In 
the process of achieving this goal, a nerf tech- 
nique was developed for the purpose of analyzing 
-patsi: -Crencis and projecting them into the future, 
n Using this technique, it is now possible to pro- 
duce a^tiurnative fature histories of social 
tt'ends'^at are simultaneously extrapolated from 
tlie past and are later acting with each other. ' 

Hie methodology .used 'in the model includes a 
combination of tliree we3.i known forecaacing 
techniques 5 trciiid eiitrapolafclonf crosS*^impact - 
analysis; and System Dynamics simulation. 


^ .^jV -! 

Dnjani, Jarit, S. and Gil^ojrt,, Gorman, ^'Diilphic F^fcdltit4,pn inad Cross 
Impact SimoPLuclojv." t Tournal ^ the Url?<in ?IannlnK *tnd Development 
Division . ASCC . VoX, Ih'X, N^^vUPI^ I*ra4i. Paper 113X6# May X975, 
pp. 49-59. . 



Tlie writers review two techniqueH chat are 
potcncially useful tools In urban on4 rogionf?J. 
plannins^H^|9Quiso teehniqueo nru the Delphi 
method foVbbtnining subjective pfedlctions 
about a chnnaing futurd through a panel of 
experts and Cros8-Imp«et Simulation for eo!p» 
binlng a nvimber of discrete subjective fore- 
casts with a number of slUiLltie related fora- 
casts to produce alternative descriptions of 
the future. The potential of this class of 
techniques for planners and engineers who 
are Involved in iiianaging the futura Is pointed 
Out. Tlie use of the techniques is specifically 
relevant to situations K’here subjective judg*- 
ments have to be mado “Shout complex infcerre- 
lated eventat The papei? presents miitumafcicai | 
.r - examples utiliaation of these two 

compliroentaty''mct!iods t 


Sharif,,. M* NawaSrt mid Kablr,, Chowd!iyry„ "’System Dytuunlcs Wodeling for 
Focecasting Multilevel Techtwloglcal Substitution.^ TechnoloRlcal 
Fo feeastint^ aiid Social Clian^e <„ ^ol. 9j, 197b, 


The existing matliematieal models of trend 
cjtt/vapelation fof forecasting techn^j-logic/il 
eubstlemtion deal primarily VJl'j'- caoas where 
a neif product O'^r technology Seplacec Uie old. 

,one over a period of time in at least some 
po^jSiien. of the markpti,. However# in the present ^ 
ey.i tff mpiid £ech no logical change,, ojie can 
think of ffiany examples where a partlculae produefc 
ox tecIiQ^lQgy id .replacing an older cna* while 
at the same time being replaced by a Kewer oiva -- 
a muitllevi*! substitution process... Ti!«reovGrj, 
any forecast made at a given point In time 
wpds to be revised as varying eircumstaneec 
- influence the elements of the forecas,}:# 33iis 
pap-sr presents ss syatematic methodology (i) 
for forecasting 4tmi til evel |;eciis.ologieal Bub- 
' stitu’tion# and '£ot iKCOtpoirating various 

forms of time dffipendeiit parameters 1-p' ^le 
•existing trend extrapolation models# Xbe methof • 
dology is based' on like ‘“’'System Pynamics*' tech- 
nique MfOid combines tire axplotafeory and the 
iiOirnw.tive approaches to iechixalogical forecast- 
ing# In nddiiion to the forecasting of market 
sbarisi, the ‘modelB Can alsp, predict the annual 
size of the ma-xket of e,'.ich of the competing tech- 
boflogi^es oy 
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2. MODELS OF’tNFl^xSTKUG'jlUE SYSTEMS 

- -As 1 ■ rJV'ot r^. 




Energy 


■ 


Dyrd, J., Jn., Schrlaeri L,A. , HaynCis, R.D. "Au Application of Gya terns 
tSSjhamic Modelling to Enecgy Syat^^is Planning." Sulletoln ^ ^\e 
OperationB Research Society of Aiiuerica, Vol. 19, Supjgj2, BSZR^r lS?!. 

^ tg.r 

'rile Systems Dynaaiics con>,?|^t8 developed by J“y,j;^, 

^ Forrester have been exanvinel in a study of an ' 

4?^' energy systems model. Tlie relet^neo of this 
approach' is examinc|jb|fith particular emphasis'# 
on the manner in whljcli systems dynamics concepts 
can be used in an area of activity^^fjhere decisions ^ 

are fragmented and uncoordinated, ’she system 
dynamics model also gives insight into tiie 
problems whicli tiM#bd to be examined by a national 
energy commission. 

Meadows, Dennis L., Ford, F. Andrew, Naill, "qM'tical tost- 1985 

Energy Policy Issues." ‘fluiyer School of Engineering, Hanover, N.H., 
Dartmouth Systef Dynamics Group, Federal Energy Administration , 

Washington, D.Cj', Report No. DSD- 35. ^ 

ii " 

'fills report identifies eight interdisciplinary 
issues requiring the most careful analysis 
because of their fundamental importance to 
energy policy. It also ^entlfies six issues 


v/hich demonstrate a variety *»f Justifications 


for formulating energy poliSy in the context 
of post- 1985 considerations, A taxonomy of 
energy issues is developed used to identify 
die extent to which nine policy areas recCAVe 
too little or too much attention. 




Meadows, D.L., jet a]^. , "The Transition to Coal," i§liamics Group, Darmouth 
College, Annual Report No. 2, 1974, 


The basic energy problem facing, the U.S. and 
other industrialized nations l®%ot to secure 
independence from foreign energy suppliers, 
rather to negotiate an orderly t'^iisition 
from primary reliance on fossil oil and gas 
resources to predominant use of energy sources 
not tied to finite fuel reserves. This report 
describes the major -energy problem currently 
facing the United States, and propseA'll 
long- tef||^nergy strategy based on incrensad 
U.S. cool~ production. Major environme|jgal, 
capital, and labor constraints affectiiig 
coal demand and production are discussed, 

A model is fully described. 
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Nuixl, R*i<\ - "SyBUem DynamtcH Bnergy-Model. " TvnnBiiatlonB oi: the American 
Q MuQlear SoclCtty , Vol. 2A, No. VlO, 1*22, 1976. 

O In tl»lB rapoct a Syotem nynnmiCB mo dot o£ 

s discovery of U.S. nntutal gas is preseivtied 
ns an ejtample the dlsrovery process of 
nuturnl resources . 


Rhan, R. Joel. "Long-Term Dynamic Model of L’ncrgy Availabilility 

&i)d Use la Che U.S." TitLSburch Conforence Mo del .1 ng and S imulation , 

1973&ppP69-73. 

^ Tltls paper describes the nssumptions 

and preliminary results of a systematic 
inodelirg, effort to provide alternative long- 
. term pro^ctions of availability and use of 
W energy in the U.S, llie Astern %na!nics 
methodology is used in creating a multi- 
^ loop feedback structure to determine these 

projections by continuous simulation in 
the- 'fiNAMO language. 

Jf ' ' r ^ 

Teele, J,D, "The Policy Effects Analysis Method; A System Dynamics 
Simulation Study of the Defense Puel Supply System." Report No. 
llie Rand Cbfporati^; Santa Mouica, California, 1973. 

^ This *'^tudy analyses the i ssues reEarding the 
ti^agef^ supply aild management of jet fuels and 
^aviation gasolines as they-'affcct military 
% operations . 


2*2 The EnviKOnment q 

Anderson, J.ll. "Gys¥eji,l Simulation to Tbsl Environmental Policy: The 

Eutrophication of Lakes," Environmental Letter , Vol. 3, No, 3, 1972. 

1 © A simplii^ HKi del of nutrient cycling and oxygen 
^cons.umptlon^fs presented yising System Dynamics 
^^us Mie modelling and siinulatlon technique. 

,,The falluresof so lutions to-remove nutrient 
%lemcnts in some fc'rm is explained using systems 

•ii ^ . i- 

concepts. ^ 

.. . .. 

Diinpiivp, L.D., ja. , "Environ’iuental Dynaiidcs fvC TofeLc Releases and 
Ijchelr Transport to Man." Proceedings of-the Pittsburgh Conference 
& on Hadtflllng a_nd^ Simula t ion , 1975. 

^ ' V' 

“A'iSysL-fem Dynamics model is presented Which > 

explored Che long term dis ctLbution of 
transuranics^released, to tl;e environment. 


O 


m 




JncobHen, J. Jay, "A Dynamic Analysis of the Environmental and Social 
Impacts of Coal Development in the Eastern Powder River Uaein of 
Wyoming, "19 'jO'' 2010.*' Report No DSD-32, Tluiyer School of Erigineering, 
Dartmouth System Dynamics Group, 1075. 

As a result of the expressed mitionnl goal of 

reducing oil and gas Imports, the U.S. coal 

Industry is trying to increase coal production, 

in particular by expanding the production - . 

of strip-mined coal in western states. In an f ; 

effort to , understand and help resolve the 

conflict arising from this increase in production, 

a dynamic regional coal-development nxidcl of 

the Eastern Powder River Uasin was constructed. 

Tills report presents the model, and ».‘ses f's ' 
model to evaluate several alternative development 
II scenarios for the studied region. The report' 

"1^ specifically examines large-scale gasification 

and electrical-generation development. 

Peppard, L.E. "Computer Simulation Models for Ecological Systems." 

Proeoedlngs of the 1972 International Conference on Cybernetics and 
Society . I.E.E.E. . 1972. 

This paper presents some applications of non- 
linear feedback modelling technitiues to the 
study of animal population dynamics. A state- 
variable Version of Forrester's System Dynamics 
technique is used to obtain models for the 
growth of a single species limited by food 
Supply, competition between two species, and 
a predator-prey relationship. Model behavior 
is compared with that observed of real species. 


Water Resources 


Gri jg, Neil S., Bryson, Maurice C. "Interactive Simulation for Water 
System DynairdLcs." ASCE Journal Urban Planning and Developme nt 
Division , Vol. 101, May 1975, pp. 77-92. 

Xlje urban simulation modeling techniques demonstrated 
by Forrester can also be- applied to urban water 
problems, particularly those concerned with 
the economics of supply-storage-use problems. 

An example of a rate policy simulation study 
for Fort Collins, Colorado is presented. The 
flexibility of the approach Is emphasized but 
the need for valid data, as iii all simulation 
studies. Is not understated. The modeling 
approach presented emphasizes an interactive 
simulation, written in BASIC language and run 
on an office size minicomputer, available to 
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practically any cnginecrinB office. A1 tough 
thia ^e^ise was resti-icted to an urban water 
suptiiy ayatum, the metljotlolofjy should be 
valid for many other angineering-economlc 
problems ns well. 


IHigh, Alexander h., Ill, Uabe, frank T. "Syote'ii Simulation to Assess 
Environmental Impacts of Water Resources Development," Suiimier 
Computer Simulation Conference , Montreal, Canada, 1973. Available 
from Simulation Council, Inc,, La Jolla, California. 

JFedcral requirements for evaluating the environmental ' 

ebnsequances of public projects liave created 
an Increasing awareness of tlie inadequacies 
of existing evaluative techniques. Authors 
are developing a comprehensive model for 
assessing environmental impacts of water 
resource projects which addresses several 
major methodological weuknesscss. Tiie 
model, based on system dynmaics, is composed 
of Six sectors: demography; Industry; water; 
land use; recreation; and biology. It 
is Intended to be a supplementary tool for 
the preparation of environmental impact 
Statements. ''V, 


Richardson, JiM, "A Model of Institutional beliavlor As A Component of 

of Keglonal Water Quality Management." Case Western Reserve University, 
Proceedings of the fourth Annual Pittsburgh Conference on Modeling and 
Simuiation , Vol. April 1973. 

This paper presents one of tiie components of - 

a larger project which focuses on the problem 

of long term cultural eutrophication. The 

overall objective of tlio model dcacribed is 

to stimulate the behavior of the institutions 

involved with the assessment of policy options 

wlilcli are available at tlie federal level. 


Trans po r ta tion and Telecotiimuaica tions 


Deal 


, J.C. , Peppard, L.E. " 
in a Developing Region. 
Conference . 1975. 


Hultldisclplinary Modelling of Telecommunications 
* Rtoeeedings of the National Telecoiiiniunica tions 


The modelling teclmiquos known as Systems Dynamics 
have been employed to investigate dielr potential 
use as p3-^nning tools in tlie study of tele- 
communica cions in a divUoplng region of Canada. 

A regional model of northwest Ontario has ’ 
beqn constructed and extensivel-y tested. In 
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aiUlition, iiiodelB o£ two Biimll comiiumlticB 4 

witliiii thti raglou have boisn Btiuiloil. 'llie % 

woiMt is buiHg paL’i’oiMimd by » multidiacipllimvy 
;r fcuani Trom six dise:Lp.iinti« am! the inodalling 
concept luiM been found to be very useful aa 
a central focus for their efforta, ^ome 
discussion is included on tiie use of these 
models and tlie question of their validation. 

^ ’‘-I 

Dnjani, Jarir S. '’Assessinu the Future of Air Frexylit." Working Paper, 
Program in Infrastructure Planning and Management, Uepartmont of 
Civil IJnglncering, Stanford University, Stanford Ca., Novemljer, 1977, 


lliis report br^fly discusses the role of 
air cargo in the current transportation 
system in the United States. It then addresses 
tiie question of assessing the future role of 
this nwde of transportation, and recommends 
the use of continuous- time recursive .systems 
modeling for the simulation of different 
components of the nlr freight sysUenu and 
Cor the development of alternative future 
scenarios which may result from different 
policy actions. A basic eonceptnal 
fri;^’'^}Work £or conducting such a dynamic 
Simula tloh is presented wltltin the context 
of tht; air freiglit indus\\ry. Some research 
. 2 . needs nre_ identified and \fecommended for 

further researelv. !fhe paper also discusses 
the benefits, limitations, pitfalls, and 
problems usually associated witli large-scale 
systems models, and emphasizes the benefits 
of tlie exercise as a learning tool which 
’ \will enable the user to expand his under- 

I standing of the frelglit movement system irnd 
tlie Interactions between alternative assumptions 
I and system behavior patterns, 

Flory, J.R., Hunter, P.T., Meredith, A.P. "Effect of Nation Transportation/ 
Energy Policy on Regional Transportation Phenomena." Simulation , 1977, 

Most regional transpor cation modeling studies 
!mve focused on microlevel piienomena operating 
wltliin the region. In contrast, the model 
presented in this paper utilizes a hierarchical 
causality approach to examine the impact o(! >- 
higher- level (i.e. national) pollci<»s on macro- 
level regional transportation characteristics. 

Specifically, the indlvidaul and Joihti, effects 
of national trends in gasoline price, ^ transit 
funding, and fuel economy of automobiles are 
examined with respect to their influence on 
two Sacramento regional variables: transit 

'' usage and transportation fuel consuniption. 

llie authors conclude that given the uncertain 
future of causal forces that are beyond the 


region’s;, control (e.g., gsisoline price), a 
raacrolevel analysis may be a more judicious 
use of limited transportation planning 
resources. 

Kane, J. "A Primer for a New Cross-Impact Language — KSIM." Technological 
Forecasting and Social Cliange , Vol. 4, 1972, pp. 129-142. 

A new methodology/language has been developed 
which serves' to make available the workings 
of cross-impact analysis to a much larger aud- 
ience in that no technical sophistication is 
required to become expressive in the new lang- 
uage. Unlike tlie procedures developed by 
Gordon, _e^ £3^ these metliods stress the struct- 
ural dynamics of the system, the geometry of 
the linkages rather than refining arithmetic 
estimates of future probabilities. However, 
while qualitatively and subjectively oriented, 
these procedures can be easily expanded to 
any degree of precision, providing the data and 
mechanisms are sufficiently well known. The 
key feature of this approach is that it allows 
one to work with data of any level ■ — from 
subjective estimates to highly precise physical 
measurements — and the computer has the 
character of logical projections of basic 
iiypothesl'i rather than dogmatic imperatives 
wtiich da rhe nature of micli of present social, 
economic, technological, and ecological modelling. 


MahlQi: , R.R. "Transportation Systems Dynamics." Proceedings of the 

International Conferrace on Cybernetics and Society , Boston, Mass., 
November, 1973, pp. 100-101. 

Tlie role of variable structures and adaptive 
control in transportation planning and in 
traffic control is analyzed here. A state- - 
wide skeletal model is formulated from the '' 
complex interactions of transportation and 
.-1 socioeconomic processes. Control of this 
complicated system is studied by means of 
land-use planning, taxation and legislation. 

Also, transportation as a control mechanism 
for socioeconondc development is Introduced. 

Hie need for adaptive traffic control, as it 
affects aiir pollution and transportation 
quality in general, is studied. 
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Scheller, V, "j'’oa8lbilitieB and Limita of Simulation by the Forreatei: 

Systems Dy‘Aamics Statement as a Method for Gdmplex Systems Investigations 
Exemplified by a Tryplcal Aerospace Transport.” Technlsche University, 
Berlin ((Vest Germany), Inst, fuer Luft~ untl Raumfahrt, Report No. 

“ IRL- 16-19 7<^, 1974. 

The System Eynaraics method was applied on the 
simulation of the management structure. of the 
German airline company, Deutsclie Lvifthansa. 

Ihe desirability of introducing a new type of 
aircraft (Airbus) into an existing fleet was 
investigated. Possibilities and limitations 
of the simulation method in connection 
with DYNAMO, the problem oriented simulation 
language used, are discussed. Advantages 
of the system include great flexibility, / ) 

good possibility of documentation, possibility 
, of very easy learning. However, DYNAMO does 
not allow interval interventions and it does 
not dispose of enough macros for representing 
all of the world's (system) discrete 
events, 

bussman, J.M. "A Systems Model of the 13. S, Railroad Industry," Bulletin 
of the Operation Research Society of America , Vol. 23, Supplement 1, 
B/133-4, 1975. 

For over forty years a cycle of decreased 
- market share, lowered profitability, de- 

ferred maintenance, and poor service leading 
to further market share dcreases has been 
' in effect. This research models the rail 

industry and quality and cost of service 
provided. The model is calibrated on historical 
data and will be used to evaluate the effective- 
ness of various Indus try' ^ind government policies * 

'} 

Taylor, A.J. "System Dynamics In Shipping." Operations Research Quarterly 
V - (Great Britain), Vol. 27, No. 1, 1976, pp, 41-56. 

/' 

A system which exhibits time- varying fluctua- | 
tions in measures which describe its state ' 

. and which comprises inter-dependent feed- 

Q back loops is likely to be amenable to the 

modelling methods of system dynamics. The 
(, shipping industry is analysed from this 

point of with the aim of identifying 

its dynamic characteristics and their causal 
- mechanisms. Examples are given, of observed 

dynamic behavior within and between trade 
•- ,, sectors. 
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U.S, Department of Iranaportn tlon, '’Alternative Future Scenarios For 
the National Aviation System.'' Prepared by Tlxe Futures Group and 
Urban Systems Research and Engineering. Report 174-72-01 (Revised), 
Federal Aviation Adminls tra tlon , 19 75 , 

lliis study was directed at: 1) Depicting a 

plausible range of future soeioeconoroic 
scenarios in the year 2000, wliich are likely 
to effect future demand for air transportation, 
and ways in which that demand will be met; 

2) Describing alternative evolutions of the 
U.S. Aviation System which are likely to emerge 
from such conditions; 3) Designing and 
documenting analytic techniques for developing 
those scenarios so that the F.A.A. (or other 
appropriate agencies) would be able to duplicate 
the results, and update them as conditions 
continue to change. 

Vogt, W.G., Mickle, M.H. "Dynamic Simulation of Public Transit with 
Application to Bangkok Bus Operations." Modeling and Simulation, 
Vol. 5, 1974, pp. 721-726. 

A general urban public transit model has 
been developed using systeni dynamics; 
computer .simulation runs using Bangkok 
data are presented. Various policies ' 
for achieving a balanced transportation 
system for Bangkok are tested. Sensitivity 
analyses indicate that many of the parametric 
values assumed are insensitive tp pp74‘C,y ' 
changes so that much of tht| data beln^,l 
collected in contemporary studies 
use. 


Wakeland, W. "QSIM2: A Low-Budget Heuristic Approach to Modeling and 

Forecasting," Technological Forecasting and Social Change, Vol. 9, 
1976, pp. 213-229. 

This paper contains a description of a simple 
mathematical framework and modeling process 
which can be used to studv a large class of 
soclo- techno-natural systems, ModelsiL*^y be 
designed using intuitve notions or data to 
help specify the variables, parameters and 
interrelationships, which v^ith the aid of a 
computer program, can be used to forecast 
system behavior under various assumptions. 

TWo example models are described, 
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2.5 Urban and ReRlonal PlamvInR 


Araell, J. , Bueno, J.M. , ’'System Dynamics and Civil Planning," Dyna (Spain), 
Vol. 51, No. 7-8, July-August, 1976, pp. 275-281. 

Tlie advent of the computer changed the whole 
outlook of engineers througii the Introduction 
of ideas on dynaitiic systems, system design, 
the principles of modern control theory, the 
systematic study of tlie concept of feedback 
and the application of these ideas to 
traditional engineering problems and problems 
of engineering management. By constructing 
mathematical models to simulate the problem 
requiring study, models can include factors 
not readily grasped by the human decision 
maker; these ideas are now being applied to 
socio-economic problems. This article discusses 
the methodology of system dynamics, the 
symbols and the computer language used, and 
ns an example deals with the application of 
' this method to the problem of siting a large., 
new industry in a relatively undeveloped areV?'-:-- ' 

Bascom, S.E. "Secondary Impacts of Transportation and Wastewater 

Investments: Research Results." Prepared by the Environmental 

Impact Center for the U.S. Environmental Protection Agency, Report 
No. EPA-600/5- 75-013, July 1975. 

Tills work concentrates on the interactions 
among land use, higliways, sewers, and housing. 

Applications are made to four urban areas: 

Denver, Minneapolis - St. Paul, Boston, and 
Washington. 

Cordey-Hayes , M.G. "Dynamic Frameworks for Spa tial flodels ." Socio Economic 
Planning Sciences , Vol . 6, 1972, pp. 365-385v 

Emphasizes the imjiortance of Integrating 
dynamic simulation modelling with a serious 
program of exijerlmental research devoted 
to the formal understanding of urban groivrth 
processes. 

Ccsaetfd, S.. DeJulio, S., LaBella, A. "A Dynamic Simulation Model of 
\ the Resldej|itlal Sector of Rome Province." Report No, R74-20, University 
h Rome, Italy, July 1974. 

'Attempts to build an integrated model of a 
congested and still expanding urban area. 

Tile methodology of systems dynamics has been 
used. Th^i^d^n contribution of this paper is 
r'd general methodology for evaluating the model" 
sensitivity with respect to parameter variations. 


- 16 - 


Dickinson, Tiiomas E., Schw^'rcz, Seymour, I,. "Socioeconomic Impacts 
of Rural Lund Use Control; A Simulation Study." Journal of 
Environmental Systems . Vol. 4, No, 4, 1974, pp. 279- ?9 7. 

The conversion of land for urban use is of 
concern not only ot the urbt^ tfrlnsu, but 
also in tlie rural hinterlands", where large 

tracts Imve been subdivided sold to urban ' 

residents for second homes fcf^iifor speculation. 

To examine the consequences of policies for 
controlling rural lapd conversion, a systems 
'( dynamics model of land use and the economy of 
a rural California county was developed and 
simulated, Tlie additional effects of reduced 
fuel availability on the tourist economy of 
the county are examined and the potential 
dangers and benefits (>f applying simulation 
methods to the policy making p<roceSs are 
discussed. 

Drew, D.R., Lai Chand Wadhwa, H, Paul, ^ £l« "Simulation of tlie Bicol 
River Basin Development, Philippines." Modeling and Simulation, 
Vol. 6, 1976, pp. 1137-1191. 


A' system dynamics model of the developmental 
planning af the six-province Bicol region in 
the Pliilii pines is explained. The model, which : 
consists of about 1650 variables, is being used 
to simulate development alternatives in this 
economically depressed region. Emphasis is 
placed on the use of the model rather than 
die mediOcIology. Specifically, it is shown 
1 how the user can evaluate the consequences of 
alternative strate^i^^ policies, and programs 
for promoting economic and social development. 

Krendel, Ezra S. "Social Indicators and Urban Systems Dynamics." Socio- 
Economic Planning Sciences . Vol. 5, 1971, pp. 387-393. 

The urban resident's perception of the discrepancies 
between his aspirations and his achievements 
may be conceived of as a rapidly responding | 

indicator of urban life quality. This social \ 

- — indicator, which is a multidimensional construct, 
taCan be estimated from freely generated citizen 
^l^ibrnplaints,, questions, comments, behavior, 
action, arid so forth. A scheme is presented 
in which iihe ^perceived discrepancies serve 
as an error signal to an urban System which 
attempts to reduce such errors. Complaints 
and questions were followed in time through 
several components of the urban system and A 

selected process dynamics Were estimated so 
that changes in configuration and procedures 
for improved municipal performance could be- 
come more apparent. 


tti 


Mariarlello, Jifieph A. "Dynamic Ueneflt' Cost Analysis: Policy 

Evaluation in a Dynamic U^ban Simulation Model," Socio-Economic 
Plnnivinc Sciences , Vol. 9, ^’'1975, pp. 147-168, 

Many social problems have characteristics that 
make them difficult to analyze accurately by 
static methods. Tliey are complex, which 
means that x^uses and effects are manifold 
and separated in time. ^Tlien static benefit- 
cost models are used evaluate proposed 
programs affecting these problem areas, they 
may lead us to policy choices that are *- 

essentially incorrect — choices that may 
actually make matters worse. 

11:e simulation methodology has been applied 
to a typical urban (i.e. central city) area 
for purposes of illustrating a comparative- 
dynaniic procedure for benefit-cost analysis. 

Application of this methodology has produced 
insights into some' fundamental issues of 
benefit-cost analysis, particularly the 
procedures for selecting a social discount 
rate, incorporating uncertainty, and establishing 
boundary conditions for the modeling effort. 

These insights have been generalized for 
application to the appraisal of other complex 
systeiiis. 

Murphy, J.U., Vogt, W.G,, Mickel, H.H. "Metropolitan Dynamics - A Model 

of Urban, Suburban, and Rural Interactions." Modeling and Simulation , 
Vol. 5, 19 74, pp. 33-38. , 5 ; 

___ • f.N .,..)) I ' 

A ^Btein Dynamics model of a nation, which 
contains both rural and urban areas is 
described. In the model, an urban area 
consists of a central city and surrounding 
suburb, each represented by a modified 
version of J. W, Forrester’s Urban Dynamics 
Model. Population flows are conserved within 
the nation; Imiidgration into the nation takeis 
place exogenously. Therefore, the availa- 
bility of people migrating into the nation or 
moving from the rural sector limits urban 
immigration, 
i' 

\ .. 

Picardi, A.C. "Practical and Ethical Issues of Development in Traditional 
Societies; Insight from a System Dynamics Study in Pastoral West 
Africa." Simulation (U.S.A.), Vol. 26, No. 1, 1976i^) 

' - '-j-i 

The results of; a ystem ynaraics model are ~ 

presented and analysed, and the conclusion is 
drawn that nor vail the desired objectives 
for developing f^e region can be attained 
simultaneously. The fact that practical 
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tradeol-JIs tixlat Icrtda Co conBidethtion 
of Bomti ochical fuBuoa which may enter into 
Che clioice of alternative development 
policies, Tlie principal data aourca 
for this study is the Sahel and aubdesert 
of Niger, north of Tahoula, whfjre herdsmen 
practice traditional animal husbandry — 
seeking pastures in the north during the 
rainy season and descending south toward 
the agricultural zones In the dry season. 

A set of seven desirable long-term objectives 
is defined and policies to achieve tliem are 
simulated , The simulation results Indicate 
definite tradeoffs among the desired objectives. 

The existence of mutually exclusive attain- , 

able objectives leads to a consideration 
of the ethical issues involved in the choice 
|_Sf alternate development polocies. 

Richardson, .lohnlJ., Jr. and I’elsoci, T, '’Regulation and Control <Sf 
Urban Knvironments * A Multi-Level Approach.” Systems Research 
Center, Case Western Reserve University, Second Annual Pittsburgh 
Conferenc e on Modelling and S imu 1 a t lo n , Mar ch 1971, 

An organization- environment nradel, combining 
the Urban Dynamics and Hierarchical Multi- 
level Systems approaches is proposed ns a 
basis for a "Science of the artificial" 
focusing on urban problems. In order to 
combine the ti^o approaches, a multi- 
echelon model of a political system must 
ci be moCified to include Infimal, supremal 
and overall performan criteria. 

Schuck, Stephen K. "Migration, Income and Public Policy in a Three-Region 
Agricultural Economy; A Simulation Model for Peru.*'* Stanford Ph.O. 
Dissertation, June, 19,77,^ 

The purpose of this research is to construct 
a simulation model of the Peruvian agricultural 
economy that can facilitate the study of the 
influence of migration, on regional economic 
development programs; and, through, its uae, 
to develop a recommendation, for the general 
orientation of Peruvian rural development 
policy. The resulting model simulates Peru’s 
three geographic regions, each with a rural o' 

!■ ; and an urban sector. Each rural sector 

is further divided into production activities 
representing the principal types of 
agrlcUlural practice (seleeted, as appropriate 
for ea^' h region fronv irrigated crops, rain- 
fed crops, and pasture). Each production 
activity* including urban production, lias - 
i.Cs own capital stock, and each rural 


ficteivifiy has a coffA'etipB'iidiiiB ihsusi 
■JS frcfilu iaf ttSH'iimed to bo 

’ 0uA »ioE perfectly) irtabiSc butweeM f-urol 
aeciol’s and between regions through ■expldeit 
raigtationa* ■ '^Jupital ficcumulation^ land 
developmeiitif. commodity prices,t niinf-nium ,, 

wages*; I'elnvcBtnient itabes* ami traii8|.'ot.t ‘ 
mid social ii-ifffaaeyito tore invea^HnetiEs arsi 
^nyaumed to be elcmenCa of economic policy. 

Data ftom the 1960-11970 decade ar& used to 
cyaXibrate the model*, 

Idiite^ K, l’riaa£on„ Dajtini, Jarir S«*, .and Urlght*,, Donaltl* ^’’Sysaeiil bysiauulici 
Approach to Utban l^liitming*'''^ Jofurnai of the Drban VlanPi-iid attd 
Development Division , ASCE, VofTTooT No,* JJPt',7 i^'o«^"pla^i* 1038B^ 
March 1974** pp^. 43-56, 

Forrester employe SysCeti DynnmieB technique 
for modeling complex,, multiloop,;,, feedbwdi 
systems -*b a t<eelmlque which he claiiiJ 
bridgeii the gap between etlginceflng i^nd the 
spcial sciences -- to transform his theory of 
the economic and detttograplilc growth and 
decay of a city into a computer model* In 
this paper both the modeling technique and 
its specific applientlon to an urbaki ares 
are considered. Forrester uses the urban 
dynamics model to describe the "natural''' 
evolution of a city and to test the effects 
of various public policies on the urban 
system. Simulation results and the disconcerting 
policy tecommendatiovi Forrester extracts from 
them are considered* It is concluded that 
although the urban dynamics model is not 
itself an accurate representation of a city, 
the potential of systems analysis in social 
simulation is great. 
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